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1.1

The income to a life insurer comes from the payments made by policyholders, called the premiums. The outgo 
arises from benefits paid to policyholders and the insurer’s expenses.

By expenses we mean the costs incurred in administering a life insurance contract and, more broadly, in 

managing the insurance company’s business as a whole.

What do you think are the expenses of a life-insurance company?
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1.1

Expenses of an insurance company include spending on:

• Staff salaries

• Underwriting expenses 

• Commission payments to sales intermediaries
• Costs of infra-structure (eg office buildings, computer systems)

• Costs of managing investments

• Licenses, fees etc.
• Other running costs (eg policy administration, heating, lighting, internet use).
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1.1
There are three main types of expense associated with policies – initial expenses, renewal expenses and 

termination expenses.
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• These are incurred by the 
insurer when a policy is 
issued, and when we 
calculate a gross premium, it 
is conventional to assume that 
the insurer incurs these 
expenses at exactly the same 
time as the first premium is 
payable,

• There are two major types of 
initial expenses – commission 
to agents for selling a policy 
and underwriting expenses
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• Renewal expenses are 
normally incurred by the 
insurer each time a premium 
is payable, and in the case of 
an annuity, they are normally 
incurred when an annuity 
payment is made.

• These costs arise in a 
variety of ways. The 
processing of renewal and 
annuity payments involves 
staff time and investment 
expenses. Te
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• Occur when a policy expires, 
typically on the death of a 
policyholder (or annuitant) or 
on the maturity date of a term 
insurance or endowment 
insurance. 

• Generally these expenses 
are small, and are largely 
associated with the 
paperwork required to finalize 
and pay a claim.



Gross 
Premiums

6

The gross premium is the premium required to meet all the costs under an insurance contract, and is the premium 
that the policyholder pays. When we talk of ‘the premium’ for a contract, we mean the gross premium. It is also 
sometimes referred to as the office Premium.

The calculation explicitly allows for expenses, the premium is called a gross premium or office premium

1.2
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We have seen the net random future loss from a policy which is in force – where the net loss, L , is defined to 

be:

L = present value of the future outgo – present value of the future income

When the outgo includes benefits and expenses, and the income is the gross premiums, then L is referred to 

as the gross future loss random variable.

L = PV of benefit outgo + PV of expenses − PV of gross premium income

1.2
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1.2

Suppose we can allocate expenses as:
• I initial expenses in excess of those occurring regularly each year
• e level annual expenses
• f additional expenses incurred when the contract terminates

Let G denote the amount of Gross Premium.

We are assuming here that level expenses of e are incurred every year including the first, ie that

I represents the amount by which the total initial expense amount exceeds the subsequent

regular expense amount.

Write the Gross Future Loss Random Variable for a policy issued to life aged x.
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An insurer issues a 25-year annual premium endowment insurance with sum insured $100 000 to a 

select life aged 30. The insurer incurs initial expenses of $2000 plus 50% of the first premium, and 

renewal expenses of 2.5% of each subsequent premium. The death benefit is payable immediately 

on death.

Write down the gross future loss random variable.
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Let S = 100 000, x = 30, n = 25 and let P denote the annual gross premium. Then

Note that the premium related expenses, of 50% of the first premium plus 2.5% of the 
second and subsequent premiums are more conveniently written as 2.5% of all premiums, 

plus an additional 47.5% of the first premium.

By expressing the premium expenses this way, we can simplify the gross future loss 

random variable, and the subsequent premium calculation.
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Thus, under the equivalence premium principle,

EPV of benefits + EPV of expenses = EPV of gross premium income. 

The gross premium for a contract, given suitable mortality, interest and distribution assumptions would be 

found from the equation of expected present value.
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CT5 April 2015 Q9

On 1 January 1999, an insurance company issued a without profit whole life policy to a life aged 45 

exact. The sum assured on the policy is £125,000 which is payable at the end of the year of death. 

Level premiums are payable annually in advance to age 65 or until earlier death. 

The company calculated the premium on the following basis:

Mortality - AM92 Select

Interest - 6% per annum

Initial expenses - 75% of the first year’s premium, incurred at outset

Renewal expenses - 5% of the second and each subsequent year’s premium, incurred at the 

beginning of the respective policy years

Claims expense - £325 payable at the end of the year of death

(i) Show that the annual premium is approximately £1,883 using equivalence principle.
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CT5 September 2018 Q10

A life insurance company issues whole of life assurance policies to lives aged 35 exact for a sum 

assured of 85,000 payable at the end of year of death. Premiums are payable annually in advance.

(a) Calculate the annual office premium for each policy using the basis below.

Basis:

Mortality - AM92 Select

Interest - 6% per annum

Initial commission - 75% of the annual premium

Initial expenses - 350

Renewal commission - 2.5% of each annual premium excluding the first

Renewal expenses - 85 per annum at the start of the second and subsequent policy years.
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CT5 September 2018 Q10 Continued (part b)

A life insurance company issues whole of life assurance policies to lives aged 35 exact for a sum assured of 

85,000 payable at the end of year of death. Premiums are payable annually in advance.

(a) Calculate the annual office premium for each policy using the basis below.

Basis:

Mortality - AM92 Select

Interest - 6% per annum

Initial commission - 75% of the annual premium

Initial expenses - 350

Renewal commission - 2.5% of each annual premium excluding the first

Renewal expenses - 85 per annum at the start of the second and subsequent policy years.

(b) Calculate the minimum office premium the company should charge in order that the probability of making a 

loss on any one policy would be 5% or less.
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4
4.1 Gross Premium Prospective Reserves

The prospective reserve for a life insurance contract which is in force (that is, has been written but has 

not yet expired through claim or reaching the end of the term) is defined to be, for a given basis:

The expected present value of the future outgo (benefits and expenses)
less

the expected present value of the future income (gross premiums)

This is the prospective reserve because it looks forward to the future cash flows of the contract.
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The expression for the gross future loss at policy duration t can be used to determine the gross 

premium prospective reserve at policy duration t . This is done by determining the expected value of the 

gross future loss random variable.

It should be noted that the calculation of gross premium prospective reserves will use mortality, interest 

and expense assumptions specifically chosen for this purpose. This set of assumptions, called the 

gross premium valuation basis, may differ from the underlying basis used to calculate the actual gross 

premiums which the company charges to policyholders.

The premium used in the calculation of the gross premium reserve is always the actual gross premium 

being charged.
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CT5 September 2013

At the beginning of 2004, a life insurance company issued a number of 20-year “special” endowment 

assurance policies to male lives then aged 40 exact. Each policy provides a death benefit of £75,000 payable 

at the end of year of death and a maturity benefit of £150,000. Premiums on each policy are payable annually 

in advance for the term of the policy, ceasing on earlier death.

(i) Calculate the annual gross premium for each policy using the following premium basis:       [4]

Mortality AM92 Select

Interest 4% per annum

Initial commission 25% of the first annual premium

Initial expenses £400

Renewal expenses £45 per annum at the start of the second and subsequent policy years

(ii) Determine the gross premium reserve (prospective) for each policy in force at the end of the eighth policy 
year and for each policy in force at the end of the ninth policy year, using the same basis as above.    [6]
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The retrospective reserve for a life insurance contract that is in force is defined to be, for a given basis:

The accumulated value allowing for interest and
survivorship of the premiums received to date

less
the accumulated value allowing for interest and

survivorship of the benefits and expenses paid to date

The retrospective reserve on a given basis tells us how much the premiums less expenses and claims 

have accumulated to, averaging over a large number of policies.

4.2 Gross Premium Retrospective Reserves
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For the previous question, CT5 September 2013, Calculate the reserves using the retrospective approach.
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Conditions for equality

If:

1. the retrospective and prospective reserves are calculated on the same basis, and

2. this basis is the same as the basis used to calculate the premiums used in the reserve calculation,

then the retrospective reserve will be equal to the prospective reserve

The equality for gross premium reserves can be shown in the same way as for net premiums.
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CT5 April 2017

Under a 20-year policy issued by a life insurance company, the benefit payable on death, at the end of the year 

of death, is a return of premiums paid without interest.

A premium of 631 is payable annually in advance, throughout the term of the policy.

The following information is available for a policy in force at the start of the 19th year:
Reserves at the start of the year, 18V = 17,095

Reserves at the end of the year per survivor, 19V = 18,510

Probability of death during the year = 0.015

Rate of interest earned = 4.5% per annum

Determine the profit which is expected to emerge at the end of the 19th year for each policy in force at the start 

of that year. Ignore expenses and all decrements other than death.
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8.1 Death strain at risk (DSAR)
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8.2 Mortality Profit



Allowing for Survival 
benefits

39

8.3



Annuitie
s

40

8.4



Questio
n

41

CT5 September 2007 

On 1 January 1992 a life insurance company issued a number of 20-year pure endowment policies to a group 

of lives aged 40 exact. In each case, the sum assured was £75,000 and premiums were payable annually in 

advance.

On 1 January 2006, 500 policies were still in force. During 2006, 3 policyholders died, and no policy lapsed for 

any other reason.

The office calculates net premiums and net premium reserves on the following basis:

Interest: 4% per annum

Mortality: AM92 Select

(i) Calculate the profit or loss from mortality for this group for the year ending 31 December 2006. [7]

(ii) Explain why the mortality profit or loss has arisen. [2]

[Total 9]
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CT5 April 2005
(i) Write down in the form of symbols, and also explain in words, the expressions death strain at risk , expected death 

strain and actual death strain . [6]

(ii) A life insurance company issues the following policies:

15-year term assurances with a sum assured of £150,000 where the death benefit is payable at the end of the year of 

death

15-year pure endowment assurances with a sum assured of £75,000

5-year single premium temporary immediate annuities with an annual benefit payable in arrear of £25,000

On 1 January 2002, the company sold 5,000 term assurance policies and 2,000 pure endowment policies to male lives 

aged 45 exact and 1,000 temporary immediate annuity policies to male lives aged 55 exact. For the term assurance and 

pure endowment policies, premiums are payable annually in advance. During the first two years, there were fifteen actual 

deaths from the term assurance policies written and five actual deaths from each of the other two types of policy written.

(a) Calculate the death strain at risk for each type of policy during 2004.

(b) During 2004, there were eight actual deaths from the term assurance policies written and one actual death from each 

of the other two types of policy written. Calculate the total mortality profit or loss to the office in the year 2004. [13]

Basis:

Interest 4% per annum

Mortality AM92 Ultimate for term assurances and pure endowments

PMA92C20 for annuities 
[Total 19]


